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Abbreviation Notation and Nomenclature Lf= free length of spring in ‘mm’ d = Diameter of spring wire in ‘mm’ D = Mean diameter of coil in ‘mm’  Do= Outer diameter of coil in ‘mm’ Di = Inner diameter of coil in ‘mm’ p = Pitch in ‘mm’ n = Number of active coils n’ = Total number of coils P = load on the spring or Axial force in ‘N’  [Sd] = Maximum Permissible shear stress or design shear stress in ‘Mpa’  (Sd) = Allawable Shear stress in ‘Mpa’ (Sind)= Induced Shear stress in ‘Mpa’ y = Deflection in ‘mm’  G = Modulus of  Rigidity in ‘Mpa’  E = Modulus of  Elasticity in ‘Mpa’  c = Spring index  Ks = Curvature factor or Wahl's stress factor  q=Stiffness of spring or Rate of spring in ‘N/mm’  a = Clearance, 15% of maximum deflection.  Sut = Ultimate Tensile shear strength (stress) in ‘Mpa’ F.O.S = Factor of safety 
λ= Helix angle in ‘degree v= Final speed in ‘m/s’ u= Initial speed in ‘m/s’ a= Accelaration in ‘m/s2’ F= Applied Force in ‘N’ m= Mass of the vehicle in ‘Kg’ 
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Abstract 
 
Motor vehicle accidents have grown to be a major cause of death and injuries. We are 
developed occupant safety feature with an intension to reduce accidental injuries to 
occupants. After studying number of design plans and research papers, we have concluded to 
design and develop seat belt safety mechanism using spring and rope mechanism. In case of 
accidents, passenger lives can be saved greatly by use of seat belts and airbags in the 
automobiles. The safety implications of these systems and the stringent safety regulations in 
the world have brought a growing market to these products. The purpose of developing the 
project is to design alternate method of seat belt safety mechanism without changing the 
available space in the car and also to provide safety to occupants in those cars in which air 
bags and other safety system could not be implemented due to increase in cost.The actuating 
system design includes three point seat belt, spring, wire rope ,solenoid and locking 
mechanisms 
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Chapter 1 
Introduction 
1.1 Automobile safety 
 
1.2 Road accidents 
 
1.3 Types of vehicle safety 
 
1.4 Types of seat belt 
 
1.5 Necessity of seat belt 
 
1.6 Mechanism behind seat belt 
 
1.7 Automatic seat belt 
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INTRODUCTION 
1.1 Automobile safety: 
 
   Automobile safety is the study and practice of design,construction,equipment and 
regulation to minimize the occurrence and consequences of automobile accidents.Road 
traffic safety more broadly includes roadway design.In the United States a pedestrian is 
injured by an automobile every 8 minutes,and are 1.5 times more likely than a vehicle’s 
occupants to be killed in an automobile crash per outing. 
 
1.2 Road Accidents: 
 
• India has the highest no of road accident in the world. 
• More than 1,30,000 deaths annually due to road accidents. 
• These  accidential deaths are caused due to speeding , drunk driving , Ignorance of 
SEAT BELTS , etc. 
 
 
Fig 1.1 Various causes of accidents in percentage   
• In order to prevent the road accident there must be use of proper driving  safety.   
• Modern cars are equipped  with no of devices that are designed to keep the driver and 
occupants safe if an accident does occur. 
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1.3 Types of vehicle safety: 
 
These devices  generally fall under two categories : 
 
1.3.1 Active driving safety:These devices are automatically Activated such as Anti-
lock brakes, Traction control system , Air Bags , Rollover bars etc: 
 
a) Anti-lock Brakes System: 
 
 
 
 
 
 
 
 
 
 
 Fig 1.2 Anti-Lock Braking System 
An antilock brake system (ABS) prevents a vehicle’s wheels from locking during 
“panic” braking, which allows the driver to maintain greater steering control — a key 
factor in avoiding a collision. However, an ABS does not guarantee your ability to 
avoid a crash. Furthermore, you still may lose control when driving at excessive 
speeds or when using extreme steering maneuvers. Learning to use the ABS correctly 
will provide you with the greatest benefit from the system. 
All passenger cars equipped with ABS have four-wheel ABS. Sport utility vehicles, 
trucks, and vans equipped with ABS can have either four-wheel or two-wheel ABS. 
Four-wheel ABS monitor and control all the wheels of the vehicle, while two-wheel 
ABS only monitor and control the rear wheels of a vehicle. 
Some ABS’s also include brake assist, which senses emergency braking by detecting 
the speed or force at which the driver presses the brake pedal and boosts the power as 
needed. Under certain conditions, brake assist may reach the braking force needed to 
activate the ABS more quickly and easily compared with vehicles without brake 
assist, and can potentially reduce overall stopping distance by eliminating the delay 
caused by not braking hard enough or soon enough. 
COMPARISON:           
 
 
 
 
 
 
Fi
g 1.3 Comparison of vehicleperformance having or haven’t ABS 
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b) Traction control System: 
A traction control system (TCS), in German known as Antriebsschlupfregelung(ASR), 
is typically (but not necessarily) a secondary function of the electronic stability control 
(ESP) on production motor vehicles, designed to prevent loss of traction of driven 
road wheels. TCS is activated when throttle input and engine torque are mismatched to 
road surface conditions 
 
Fig 1.4 Comparison of vehicle performance having or haven’t Traction Control 
Traction control systems improve vehicle stability by controlling the amount the drive 
wheels can slip when you apply excess power. The system automatically adjusts the 
engine power output and, in some systems, applies braking force to selected wheels 
during acceleration.Traction control is mainly found in vehicles with four-wheel 
antilock brake systems. 
The basic idea behind the need for a traction control system is the loss of road grip 
that compromises steering control and stability of vehicles because of the difference in 
traction of the drive wheels. Difference in slip may occur due to turning of a vehicle or 
varying road conditions for different wheels. At high speeds, when a car tends to turn, 
its outer and inner wheels are subjected to different rotation speeds, which is 
conventionally controlled by using a differential. A further enhancement of the 
differential is to employ an active differential that can vary the amount of power being 
delivered to outer and inner wheels as needed. For example, if outward slip is sensed 
while turning, the active differential may deliver more power to the outer wheel in 
order to minimize the yaw (essentially the degree to which the front and rear wheels of 
a car are out of line.) Active differential, in turn, is controlled by an assembly of 
electromechanical sensors collaborating with a traction control unit. 
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c) Air bags: 
It provide a cushion to protect the driver and passengers during a crash.Depending on 
the speed at impact and the stiffness of the object struck, front air bags inflate to 
prevent occupants from hitting the dashboard, steering wheel, and windshield. Side air 
bags reduce the risk that occupants will hit the door or objects that crash through it. 
 
Fig 1.5 Working of an Airbag system 
Although air bags provide life-saving benefits for the vast majority of people, there are 
situations in which air bag deployment can have adverse effects, such as when 
occupants are   unbelted. Front air bags do not eliminate the need for seat belts and are 
not designed to offer protection in rollovers, rear, or side impacts. In fact, maximum 
air bag effectiveness depends upon seat belts, which help keep you in place should a 
collision occur. You can significantly reduce the risk of injury from an air bag by 
buckling your seat belt and keeping about 10 inches or more between your breastbone 
and the air bag. 
Children can be killed or seriously injured by an air bag, so you should always put 
children age 12 and under in the rear seat. You should never use a rear-facing child 
seat in the front seat of a vehicle equipped with a front passenger air bag unless the air 
bag is off. 
 
Fig 1.6 Actual view of an airbag on operating condition 
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d) Anti-Roll bars: 
It protect the car's occupants from injury if the vehicle rolls over during an accident. 
An anti-roll bar (anti-sway bar, sway bar, stabilizer bar) is a part of many 
automobilesuspensions that helps reduce the body roll of a vehicle during fast 
cornering or over road irregularities. It connects opposite (left/right) wheels together 
through short lever arms linked by a torsion spring. 
 A sway bar increases the suspension's roll stiffness—its resistance to roll in turns, 
independent of its spring rate in the vertical direction. The first stabilizer bar patent 
was awarded to Canadian inventor Stephen Coleman of Fredericton, New Brunswick 
on April 22, 1919. 
Anti-roll bars were unusual on pre-war cars due to the generally much stiffer 
suspension and acceptance of body roll. From the 1950s, production cars were more 
commonly fitted with anti-roll bars, especially those with softer coil spring 
suspension. 
 
 
Fig 1.7 Effect of Anti-Roll bar 
 
AnSUV, with antiroll bars 
removed, shows how one 
wheel can be much lower 
than the opposite side, as 
the body rolls (tilts) more 
without anti roll bars which 
is shown in  Fig 1.8 . 
 
front-wheel springs, with 
the tires removed. Each 
suspension spring is 
connected to the central 
sway bar assembly. 
Fig 1.8 When Anti-roll bars removed 
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1.3.2. Passive Driving Safety:These devices are manually Activated such as          
Seatbelts, Helmets, etc. 
a) Helmets: 
 
All helmets attempt to protect the user's head by absorbing mechanical energy and 
protecting against penetration. Their structure and protective capacity are altered in 
high-energy impacts. Beside their energy-absorption capability, their volume and 
weight are also important issues, since higher volume and weight increase the injury 
risk for the user's head and neck.  
 
 
 
 
 
 
 
 
 
 
F
ig 1.9 Helmets of racing cars 
Helmets used for different purposes have different designs. For example, a bicycle 
helmet must protect against blunt impact forces from the wearer's head striking the 
road. A helmet designed for rock climbing must protect against heavy impact, and 
against objects such as small rocks and climbing equipment falling from above. 
Practical concerns also dictate helmet design: a bicycling helmet should be 
aerodynamic in shape and well ventilated, while a rock climbing helmet must be 
lightweight and small so that it does not interfere with climbing. 
Some helmets have other protective elements attached to them, such as a face visors or 
goggles or a face cage, or an ear cage or ear plugs and other forms of protective 
headgear, and a communications system. Sports helmets may have an integrated metal 
face protector (face cage). 
 
8 
 
 
b)Seat belts: 
 
 
 
 
 
 
 
 
Fig 1.10 Seat Belt in a 4 wheeler vehicle 
A seat belt, also known as a safety belt, is a vehicle safety device designed to secure 
the occupant of  a vehicle against harmful movement  that may result during a 
collision or a sudden stop. 
The function of seat belt is to hold passenger in place so that they aren’t thrown 
forward or ejected from the car. 
It hold passengers in place so that they aren't thrown forward or ejected from the 
car.In the event of a crash, seat belts are designed to keep you inside the vehicle. They 
also reduce the risk that you will collide with the steering wheel, dashboard, or 
windshield. New seat belt designs have the following additional features that improve 
seat belt performance: 
Adjustable upper belts:An adjustable upper belt lets you change the position of the 
shoulder strap to accommodate a person’s size. This feature may encourage 
passengers to wear their belts, since it increases shoulder belt comfort. 
Seat belt pretensioner: Pretensioners retract the seat belt to remove excess slack, 
almost instantly, in a crash. However, you still need to adjust your seat belt so that it 
fits as snugly as possible, since pretensioners are not powerful enough to pull you 
back into your seat in the event of an impact. 
Energy management features: Energy management features allow seat belts to 
“give” or yield during a severe crash to prevent forces on the shoulder belt from 
concentrating too much energy on your chest. These features include “load limiters” 
built into the shoulder belt retractor and/or “tear stitching” in the webbing that causes 
the seat belt to extend gradually. 
Rear center seat lap/shoulder belts: Some manufacturers provide a rear center 
lap/shoulder belt. This added feature is especially beneficial to older children and 
children in booster seats who are often seated in the rear center position. 
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1.4 Types of Seat Belts: 
1.4.1Two-point (Lap Belt): 
A 2-point belt attaches at its two endpoints. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1.11A lap ("2-point") belt in an airplane 
A lap belt is a strap that goes over the waist. This was the most commonly installed 
type of belt prior to legislation requiring 3-point belts, and is primarily found in older 
cars. Coaches are equipped with lap belts, as are passenger aircraft seats. 
1.4.2 Three-point Belt: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           Fig 1.12  3-point seat belt 
 
A 3-point seat belt is similar to the lap and shoulder belts, but with one, single, 
continuous length of webbing. This type of belt helps spread out the energy of the 
moving person in the event of a crash over the chest, pelvis and shoulders. A three-
point seat belt is standard in most cars. During a car accident, these types of seatbelts 
can cause to sternal fractures and subcutaneous bruising. 
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1.4.3 Four and Five Point Seat Belt: 
 
           Fig 1.13: 4 point seat belt                      Fig 1.14: 5 point seat belt 
A five-point harness is a form of seat belt that contains five straps that are mounted to 
the car frameThe lap portion is connected to a belt between the legs and there are two 
shoulder belts, making a total of five points of attachment to the seat.  
A 4-point harness is similar, but without the strap between the legs. It has been 
engineered for an increase of safety in the occurrence of an automobile accident. As a 
result, this form of seat belt has been mandated in the race car competition of 
NASCAR(National Association For Stock Car Auto Racing US). This was an 
invention made mandatory to have due to the high velocities involved in the sport. 
Along with the design of the seat belt, helmet straps have been designed to increase 
the safety of the driver. This invention has also been used to secure infants and young 
children in child safety seats. 
1.4.4 Six Point Seat Belts 
 
 
 
 
 
 
 
 
Fig.1.15: 6 point seat belt 
A six-point harness is similar to a five-point harness, except it has an extra belt 
between the legs. These kinds of seat belts are used for racing. Six-point harnesses 
gained in popularity after the death of racecar driver Dale Earnhardt; he was wearing a 
five-point harness at the time of his fatal crash. 
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1.5 Necessity of Seat Belt: 
According to ROSPA (The Royal Society for the Prevention of Accident),Seat belt 
have helped to save 50,000 lives 590,000 serious casualities and 1.5 million minor 
injuries, since wearing a seat belt was mandatory in 1983. 
The Royal Society for the Prevention of Accidents (ROSPA) is a British 
charity which aims to promote safety. 
The origins of ROSPA date to the First World War when, in response to the 'alarming 
increase in road accidents' during the blackouts, the London 'Safety First' Council was 
established on 1 Dec 1916. 
This tells us why wearing seat belt  is extremely important to prevent injury in a car 
crash. 
1.6 Mechanism Behind Seat Belt: 
 There are few Mechanism which involve in seat belt. 
A) Retractor Mechanism 
B) Locking Mechanism 
C) Pretensioner Mechanism 
1.6.1 Retractor Mechanism: 
 
 
 
 
 
 
 
 
 
 
Fig 1.16 Retractor 
In a typical seatbelt system,   the belt webbing is connected to a retractor 
mechanism. 
The central element in the retractor is a spool, which is attached to one end of the 
webbing. Inside the retractor, a spring applies a rotation force, or torque, to the 
spool.This works to rotate the spool so it winds up any loose webbing. 
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1.6.2 Locking Mechanism: 
There are two types of locking mechanisms 
1) Mechanisms triggered by vehicle’s movement: 
 
 
 
 
 
 
 
 
 
      Fig 1.17 Mechanisms triggered by vehicle’s movement 
During a car crash, the inertia forces the weighted pendulum forward causing the pawl 
to extend upward.  The pawl catches a toothed ratchet gear that is attached to the 
spool, thus stopping the gear and spool from rotating counter-clockwise.   
2) Mechanisms triggered By Belt’s movement : 
 
 
 
 
 
 
 
 
 
                      Fig 1.18 Mechanisms triggered By Belt’s movement 
When the spool begins to spin quickly, the weighted clutch lever (centrifugal clutch) is 
driven outward contacting the cam.  The contact with the cam causes a sliding pin to 
move along a grove pulling the pawl into contact with the ratchet gear.  The pawl 
becomes locked into the gear’s teeth, causing the spool to resist all counter-clockwise 
rotation. 
 
13 
 
 
           1.6.3 Pretensioner Mechanism: 
A pretensioner pulls in on the belt to tighten any slack in the webbing during a crash 
and moves the passenger in optimal crash position.  This mechanism is used in 
collaboration with one of the previous mentioned methods of locking the spool. 
Pretensioners can be built around electric motors, solenoids, or pyrotechnics.  The 
most popular pretensioners use pyrotechnics.  The figure below shows this type of 
pretensioner.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig 1.19 PretensionerMechanism 
Like airbags, seat belt pretensioners are pyrotechnic devices triggered by the crash 
sensors. They operate in fractions of a second to ensure that a loose shoulder belt 
doesn't allow the occupant to come too close to a deploying airbag or to contact the 
windshield or dashboard. 
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1.7 Automatic Seat belt 
Seatbelts that automatically move into position around a vehicle occupant once the 
adjacent door is closed and/or the engine is started were developed as a 
countermeasure against low usage rates of manual seat belts, particularly in the 
(U.S)The first car to feature Automatic Shoulder belts as standard equipment was the 
1981 Toyota Cressida.  
Also this feature was added in many cars such as Honda Civic,Volkswagen Rabbit.etc
 
Fig 1.20 Automatic seat belt in a Honda Civic 
  1.7.1 Advantages 
• We don’t have to put effort  for the  engagement of the seat belt which ensures 
occupant safety. 
• You dont have to actually put the thing on, so you never forget to wear it. 
• It is more comfortable than a regular belt. i used to have a clothespin where to belt 
goes into so it left a little slack in it. If you try to do that with regular belts then 
theydont retract and get caught in the door.  
• They dont wrinkle your clothes as bad as long as you dont use the lap part. 
1.7.2 Disadvantages 
• Poor ergonomics  
• If a crash that causes vehicle door to open leaves the occupant without belt protection. 
• It also makes difficult to enter and exit particularly if the occupant is carrying some 
items. 
• It’s production and installation cost is too high due to use of extent electronics devices 
such as sensor, electromagnet .etc 
• It is easily detachable, so if occupant miss to attach again then it will harmful for 
occupant. 
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• Passive seat belt is costly and needs skilled person for installation purpose. 
•  Automatic seat belt systems generally offer inferior occupant crash protection. 
• If the vehicle door gets opened than automatic seat belt system leaves the occupant 
without belt protection causing greater injury or death. 
• Automatic seat belt systems also present several operational disadvantages. 
• The sound from the warning system is so irritating to driver that it can cause serious 
accident. 
 
1.7.3  Problem statement solved in our project 
• In existing automatic seat belt system  there are lots of electrical components,sensors 
which consumes fuel or battery power, but our system is totally based on mechanical 
system hence there is no fuel consumptions in our system. 
 
• Existing system is easily detachable so occupant ride without tighting the seat belt, but 
our system is not easily detachable hence if occupant want to ride they should be 
mandatory to wear a seat belt. 
 
• Now-a-days people are use dummy key since in sensor system without wearing seat 
belt the vehicle would not start uphence for starting vehicle without wearing seat belt 
they use dummy key, but in system there is no use of dummy key. 
 
• The installation and fabrication  cost of our system is less than existing system. 
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REVIEW OF LITERATURE 
Automotive Research Association of India (ARAI) 
From Wikipedia, the free encyclopedia 
 
Automotive Research Association of India 
(ARAI) is co-operative industrial research 
association by the automotive industry with the 
Ministry of Industries, Government Of India. 
 The objectives of the Association are Research 
and Development in auto-motive engineering 
for industry, product design and development, 
evaluation of automotive equipment and 
ancillaries, standardization, technical inform- 
ation services, execution of advanced courses 
on the application of modern technology and 
conduct of specific tests. 
The Automotive Research Association of India, 
(ARAI) is located in the western part 
of Pune, Maharashtra. The 105 hectares (260 
acres) of land houses various laboratories, test 
facilities spread over 8343 m2. area. It is well 
connected by air, rail and road about 25 km 
from Pune Airport and 12 km from the railway 
station. Fig 2.1 represents the information about 
ARAI.Fig 2.1 Information about ARAI 
 
2.1 Brief introduction of seat belt accordance to ARAI 
 
According to ARAI, Safety Belt (Seat Belt) means an arrangement of straps with a securing 
buckle, adjusting devices and attachments which are capable of being anchored to the interior 
of a motor vehicle and designed to diminish the risk of injury to the wearer in the event of 
collision or of abrupt deceleration of the vehicle, by limiting the mobility of the wearer’s 
body. Such an assembly is generally referred as a “belt assembly” a term also embracing any 
device for energy absorption or belt retraction.  
 
Fig 2.2 Seatbelt 
Automotive Research Association of India 
 
Type Public 
Industry Automotive, Research 
Founded 1966 
Headquarters Pune, Maharashtra  
Key people Mrs.RashmiUrdhwareshe 
Website https://www.araiindia.com 
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2.1.1Classification of seat belt 
These may be of the following types: 
i. Two Point 
Two Point (lap) Belt means a belt which passes across the front of the wearer’s 
pelvic lap region and constructed so as to extend over the lap area from both 
extremities of the lap and fixed at 2 points.These are generally non-retracting type 
(static). 
ii. Three Point 
Three Point Belt means a belt which passes diagonally across the front of the chest 
from the hip to the opposite shoulder and intended to constrain the wearer’s lap 
and upper body and constructed so that a continuous belt is fixed to a fitting at its 
one end and its other end, after passing over the passenger’s shoulder and then 
across his chest, extends over his lap area after passing through slip guide and 
finally terminated at the fitting and supported at three points .These belts could be 
retracting type or non-retracting type (static). 
iii. Harness Belt 
Harness Belt means a belt which is essentially a combination of lap strap and 
diagonal strap across the shoulder and chest. 
2.2Guideline refers in our project fromARAI 
2.2.1 Strap/Webbing:Strap/Webbing means a flexible component designed to hold the 
body and transmit stresses to the belt anchorages. 
2.2.2 Buckle:Buckle means a quick release device enabling the wearer to be held by the 
belt.  The buckles may be classified as any of the following four types : 
i. Flexible Buckle:Flexible means the buckle and the anchor point are connected by 
a flexible load bearing element, e.g. cable 
ii. Webbing Buckle:Webbing means the buckle head and the anchor point are 
connected by a webbing. 
iii. Rigid Stem Buckle:Rigid Stem means the buckle head and the anchor point are 
connected by a load bearing steel plate. 
iv. Other Buckle:Others means the buckle head and the anchor point are connected 
by any other element which is capable of bearing the load. 
2.2.3 Belt Adjusting Device 
Belt Adjusting Device means a device enabling the belt to be adjusted to the 
requirement of the individual wearer and to the position of the seat. The adjusting 
device may be part of the buckle, or a retractor, or any other part of the safety belt. 
2.2.4Attachments 
Attachments means parts of the belt assembly including the necessary securing 
components, which enable it to be attached to the belt anchorages. 
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2.2.5 Energy Absorber 
Energy Absorber means a device designed to disperse energy independently of or 
jointly with the strap and forming part of a belt assembly. 
2.2.6 Retractor 
Retractor means a device to accommodate part or the whole of the strap of a safety 
belt. 
There are few types of Retractor which are listed below 
i. Non Locking Retractor (Type 1)means a retractor from which the strap is 
extracted to its full length by a small external force and which provides no 
adjustment for the length of the extracted strap. 
ii. Manually Unlocking Retractor (Type 2)means a retractor requiring manual 
operation of a device by the user to unlock the retractor in order to obtain the 
desired strap extraction which locks automatically when the said operation ceases. 
iii. Automatically Locking Retractor (Type 3) means a retractor allowing the 
extraction of the strap to the desired length and which when the buckle is fastened, 
automatically adjusts the strap to the wearer. Further extraction of the strap is 
prevented without deliberate action by the wearer. 
iv. Emergency/Locking Retractor (ELR) (Type 4) means a retractor which during 
normal driving conditions does not restrict the freedom of movement by the 
wearer of the safety belt.  It has a length adjusting capability which automatically 
adjust the strap to the wearer and a locking mechanism actuated in an emergency 
by. 
2.2.7 Belt Anchorages 
Belt Anchorages means parts of the vehicle or seat structure or any other part of the 
vehicle to which the safety belt assemblies are to be secured. 
2.3 Vehicle Type As Regards Safety Belts And Restraint Systems: 
Vehicle Type As Regards Safety Belts And Restraint Systems means category of 
motor vehicles which do not differ in such essential respects as the dimensions, 
geometry and materials of the components of the vehicle or seat structure or any other 
part of the vehicle to which safety belts and restraint systems are attached. 
2.3.1Seat 
Seat means a structure which may or may not be integral with the vehicle structure 
complete with trim, intended to seat one adult person.  The term covers both an 
individual seat or part of bench seat intended to seat one person. 
2.3.2 Locking System of the Seat 
Locking System of the Seat means a device ensuring that the seat and its parts are 
maintained in any position of use.  
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2.3.3 Pre-Loading Device 
Pre-Loading Device means an additional or integrated device which tightens the strap 
in order to reduce the slack of the belt during a crash sequence. 
2.4 General design consideration 
2.4.1 Straps  
 
• The straps of the seat belt shall not be liable to assume a dangerous configuration. 
• The belt after being put on the wearer, shall either adjust automatically to fit him or be 
such that the manual adjustment device shall be readily accessible to the seated wearer 
and convenient and easy to use.  It should allow the belt to be tightened with one hand 
to suit the wearer body size in the position of the vehicle seat. 
2.4.2 Rigid parts 
• The rigid parts of the safety belt, such as buckles, adjusting devices, attachments etc., 
shall not have sharp edges liable to cause wear or breakage of the straps by chafing. 
• All parts of the belt assembly liable to be affected by corrosion shall be suitably 
protected against it. After undergoing the corrosion test  neither signs of deterioration 
likely to impair the proper functioning of the device nor any significant base metal 
corrosion shall be visible to the unaided eye of a qualified observer. 
• Rigid parts intended to absorb energy or to be subjected to or to transmit a load shall 
not be fragile. 
• The rigid items and parts made of plastics of a safety belt must be so located and 
installed that they are not liable during every day use of the vehicle, to become trapped 
under a moveable seat or in a door of that vehicle. 
2.4.3Buckle 
• The buckle shall be so designed as to be easy to use and grasp and preclude any 
possibility of incorrect use.  
• The buckle should not have any partial latch position. 
• The procedure for opening the buckle must be evident. 
• The parts of the buckle likely to be in contact with the body of the wearer 
• .The buckle release area shall be colored red. No other externally visible parts of the 
buckle shall be of this colour. 
• Direction/mode of operation “PRESS/PUSH/LIFT” shall be indicated on the buckle. 
 
Fig 2.3 Buckle  
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2.5 Survey of existingAutomatic Seat Belts 
Since the passage of mandatory passive restraint legislation (Federal Motor Vehicle 
Safety Standard 208) in 1984, numerious investigators have examined patterns of use 
among the different types of restraint systems and user populations. In this paper, we 
review the available data on usage patterns in automatic shoulder belt and manual lap 
belt systems. The restraint systems involving automatic shoulder belts have generally 
been regarded as highly successful in increasing the use rates of shoulder belts for 
American drivers (frequently greater than 90%). At the same time, the use of the 
manual lap belt with automatic shoulder belts remains roughly similar to the use rate 
for manual threepoint systems. We also review studies of driver’s knowledge about 
the existence and importance of the elements of these automatic systems. These 
findings have potential application for the design of manual and automatic restraint 
systems in automobiles. 
2.5.1 Introduction 
The use of manual (i.e., active) restraint systems (or seat belts) in cars has increased 
dramatically over the last several decades, changing from around 10% in the late 
1970s to as much as 68% in the 1990s (Datta&Guzek, 1992; National Highway 
Traffic Safety Administration [NHTSA], 1996b). Several factors are responsible for 
this increase. One important determinant has been the passage of mandatory use laws 
(MULs), which have been shown to increase use rates by roughly 2.5 times when 
applied and enforced vigorously (Bunch, Hatfield, Hinshaw, & Womack, 1986; 
Reinfurt, Campbell, Stewart, &Stutts, 1988, 1990; Ulmer, Preusser, Preusser, & 
Cosgrove, 1995). Another factor has been the development of so-called automatic seat 
belt systems that satisfy Federal Motor Vehicle Safety Standard 208. This law requires 
that all vehicles sold after 1991 in the United States must have passive occupant 
restraint systems – either automatic shoulder belts or airbags – for the front outboard 
passengers. To meet this standard with belt systems, manufacturers have designed a 
surprising array of two-, three-, and four-point restraint systems, for which the number 
of points refers to the number of attachments of the belt to the vehicle (see 
Padmanaban, Lange, Ray, Curzon, &Cooperrider, 1991, for a description). In one of 
these systems (the subject of this paper), which has been adopted by several 
automakers, an automatic (motorized or nonmotorized) shoulder belt is combined with 
a manual lap belt. Systems with automatic shoulder belts have been responsible for a 
dramatic increase in the use of shoulder belts; estimates of use rates have increased 
from roughly 45% to 50% for manual shoulder belts to 97% for the nondetachable 
motorized shoulder belts (Reinfurt, St. Cyr, & Hunter, 1990; Streff& Molnar, 1991). 
Recently, however, there has been concern that these seat belt designs might actually 
decrease the tendency for drivers and frontseat occupants to use the manual lap belt 
(e.g., Coben, 1991; Lovvoll, Laughery, Wogalter, & Terry, 1994; Reinfurt, St. Cyr, et 
al., 1990). Various accident injury modes have been found to be associated with the 
failure to connect the lap belt when the shoulder belt is attached, such as ejections 
(Williams, Wells, Lund, & Teed, 1989) and “submarining” (sliding under the belt; 
Alsever, 1968; Snyder, Crosby, Snow, Young, & Hanson, 1967). 
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 One concern has been that the automatic shoulder belts might actually contribute in 
some way to the drivers’ failure to connect the lap belt. In this paper, after reviewing 
the work on use rates with three-point manual belts, we will turn to the concern of lap 
belt usage. 
2.5.2 User rates of three point manual seat belts 
Other studies have provided estimates of the three-point manual use rate as well, 
although the sample sizes and sampling procedures were not as extensive as those in 
the NHTSA studies. For example, in an early study Williams, Wells, & Lund (1987) 
reported that the use of shoulder belts was about 50% in four states (New York, New 
Jersey, Illinois, and Texas). We calculated from those Williams et al. data that 
shoulder belt use in the manual three-point system in 1987 was 61%. (This excludes 
the automatic three-point belt system in General Motors vehicles and the system in 
some Volkswagens that have only shoulder belts.) Williams, Wells, Lund, and Teed 
(1992) reported that manual threepoint shoulder-belt use was 63% in 1989 for cars 
without airbags and 66% for cars with airbags. Streff, Molnar, and Christoff (1993) 
found that the three-point manual belt use rate in Michigan was 49.7% in cars without 
airbags and 61.6% in cars with airbags; in 1994 and 1995, the rates were 66.1% and 
66.8%, respectively, averaged over airbag and nonairbag vehicles (Eby, Streff, 
&Christoff, 1994, 1995). Interestingly, Williams, Wells, & Lund (1990) found the use 
rate with the nonmotorized detachable three-point automatic design 128 March 1998 – 
Human Factors used by General Motors to be 66%. In a parking lot survey, Williams 
et al. (1987) found that almost all of these belt systems were disconnected (both 
shoulder and lap portion) when the car was parked. Similarly, Streff and Molnar 
(1991) found that only 1.4% of these detachable belt systems were connected in 
parked cars in the Michigan studies. Apparently, occupants use this system as if it 
were an active manual three-point restraint; they buckle it manually when entering the 
car, and they tend not to use it as an automatic system. Consistent with this finding, 
the use rate for this system (about 66%) is within the range of use rates for the (active) 
manual three-point system used in other vehicles. In addition, several studies of self-
reported belt use data are available. Streff and Wagenaar’s (1989) study, which also 
summarized several other studies in which the selfreported rate was given, found that 
the three-point manual belt use ranged from 26.6% to 66.9%; these data appeared to 
depend strongly on whether or not a MUL was in force, and we find it difficult to 
generalize about them. Lovvoll et al. (1994) found that the self-reported use of three-
point manual belts was 90%. These values, after being decreased by the 12% that 
Streff and Wagenaar (1989) suggested, indicate that estimates of manual three-point 
belt use fall generally within the ranges found with direct observational methods. 
Studies by the IIHS(Insurance Institute for Highway Safety (IIHS)) 
In the 1987 study, use of the automatic shoulder belts varied among the several 
designs, ranging from 92% for the nondetachable motorized design to 66% for the 
detachable nonmotorized three-point design. The manual lap belt use rates for cars 
with automatic restraints in primarily MUL cities ranged from 32% to 65%, and the 
general finding was that “about half the drivers in cars with automatic two-point belts 
and separate manual lap belts were using the lap belts” (Williams et al., 1992, p. 187).  
 
23 
 
 
In our comparisons, we excluded data from GM vehicles (with three-point automatic 
systems) and from Volkswagen vehicles (some of which did not have lap belts).The 
manual lap belt in vehicles with automatic shoulder belts was found to be used 43% of 
the time. In contrast, the manual three-point belts were found attached 60% of the 
time. The analysis of lap belt use for individuals involved in automobile crashes in 
Virginia showed a 66% use of lap belts in cars with automatic shoulder belts. 
2.5.3 Summary and Concluding remarks 
A number of generalizations emerge from our literature review of automatic seat belt 
systems. First, even though use of the manual three-point belt system has increased 
over the past few decades (to roughly 60%), use rates of the automatic shoulder belt 
are even more impressive: More than 95% of the population was observed with these 
shoulder belts in use. The concern over the possibility that use of the manual lap belt 
in these automatic systems is degraded does not appear to be well founded. It is true 
that the rate of lap belt use in these automatic systems is less than that of shoulder belt 
use (about 50% vs. 95%, respectively). An important question, though, is whether the 
automatic shoulder belt has in some way degraded the driver’s voluntary action of 
buckling the lap belt, or the action of buckling the lap belt is somehow omitted from 
the driver’s actions, similar to the way in which buckling the manual three-point 
system is omitted. A convenient way to examine these alternatives involves a 
comparison of the use rates of the lap belt versus those of the three-point manual belt, 
as both systems require one intentional action to buckle the lap belt. Our review 
reveals that these rates are roughly the same, especially if the findings from the HSRC 
studies are neglected on methodological grounds (as discussed earlier). This similarity 
in rates suggests that the automatic shoulder belt does not induce one to forget to 
buckle the lap belt, nor does it provide a false sense of security that reduces motivation 
to buckle up. With this pattern of results – a high rate of shoulder belt use coupled 
with no important reduction in lap belt use – a large increase in restraint use above that 
with the three-point manual systems appears to be achieved with the automatic 
system. 
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Chapter 3 
Methodology 
3.1 Constructional Layout 
3.2 Actual view of an Automatic seat belt 
3.3Working 
3.4 Design of Components 
3.5 Working pictures during Fabrication and Report making 
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 METHOD
OLOGY 
   3.1Constructional Layout
Fig 3.1Constructional Layout of Automatic seat belt 
3.2 Actual view of an Automatic seat belt 
 
  Fig 3.2 Actual view of an automatic seat belt 
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3.3 Working 
Working of ASB (Automatic Seat Belt) system  
The term automatic seat belt itself tells us that, the system which have been using is 
have to have simplicity, reliability, flexibility, durability and any individual shall not 
have to make any endeavour  through his hand to take seat belt buckle and locked it. 
To achieve this system must concerned with appropriate working of each and every 
component which is been using in ASB system.The working of the ASB is shown in 
the above Fig 3.1. 
The system consist of the following component are listed below. 
1) Rail  
2) Slider  
3) Spring  
4) Wire rope  
5) Retractor  
6) Solenoid  
7) Door switch  
8) Battery 12V  
This components play a major role in ASB system. 
As we see in the layout of ASB system the rail is fixed on the top roof of the door 
through nut and bolt, the function of the slider is to carry slider over it and guides the 
slider in too and fro motion. On the one end of the rail spring is fixed, however the 
spring is of tension type has been used in this system.  
The slider which is been carrying the rail has two hooks on either end fixed and also 
there is two holes one is on the front side and the other one is on the top of the slider. 
The front hole is used to attached seat belt buckle through a bolt and the upper hole is 
given to provide holding support which is given by electric solenoid 12V DC, so that 
while functioning the slider could not supposed to loosen when the jerk has given to 
the slider. The hooks which has its fix position on both side of the slider, one side is 
fixed to other end of the spring and the mirror side is fixed to wire rope. The other end 
of the wire rope is fixed to door hinge column so that slider would give relative 
motion on the rail. 
The solenoid is fixed at the door column in upper position and is connected to battery. 
There is a provision of door switch on the door column, the position of the door switch 
is given in such a way that door end should hit the door switch in order to make 
solenoid come into action. The connection of the door switch is also given through the 
battery. 
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The working of the automatic seat belt system shows that when the door is open the 
door switch gets the current due to which the solenoid gets actuated and its piston 
moves upward however the slider gets into its extreme position when the door is fully 
open during this action wire rope holds the slider since one end of the wire rope is 
fixed to the door column and the other end is attached to the slider hook due to which 
slider would not go to initial position until the door will not close during this time the 
wire rope is in tension and the seat belt strap will loosen , Hence  occupants can easily 
enter  into the car without any effort. 
When the occupant enter into the car and when he close the door, since the on the door 
column there is a door switch is placed at the lower side at a position where door 
constantly holds the door switch in push position. When the passenger closed the door 
the door switch is hit by the door and the door gets locked, the slider comes into the 
mean position at this time wire rope let the slider to move freely to the rest position 
during this instant the current in door switch will off because of which the solenoid 
circuit is open and the solenoid piston gets lowered and it will stuck into the upper 
hole of the slider which holds the slider by its holding force and it will not let the 
slider to move until the door would not get open. Therefore the occupants gets tighten 
up by the seat belt strap automatically without any effort. 
Thus completes our working of ASB system . 
 
 
Fig 3.3 Solenoid  
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Fig 3.4 Brake wire 
 
3.4 Design ofcomponents 
The design of anautomatic seat belt is concern with safety of the occupants 
with more reliability or improvisation of the conventional model of the seat belt  
with an aim of  possibility of minimum cost and flexibility of the system .The 
design of the system has been comprises of the following   procedure. 
a) Design of rail  
b) Design of slider  
c) Design of spring 
3.4.1 Design of rail 
Rail is the crucial component of ASB (automatic seat belt) system and it is a 
bed like structure. The function of the rail is to carry slider over it and guide the 
slider axially without any obstacle.   
The design of rail should be very smooth and friction free so that it could 
perform quite good operation for sliding purpose.  
Design of rail consist of few operation such as selection of material and 
operation of machining such as milling, shaping and lastly grinding for having 
better surface contact with the slider which is a female part of it. 
The main aim of designing rail in our ASB system is to freely transmit the seat 
belt in longitudinal motion.Selection of Material: Mild steel - 30C8 
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Fig 3.5 Rail 
 
3.4.2  Design of Slider       
Slider is also another important component of the ASB system which is light in 
weight. The function of the slider is to slide over the bed like structure which is 
nothing but rail carrying seatbelt buckle mounted on it and perform the 
operation of tighten or loosening of strap over the occupants chest.  
Making of slider is another crucial aspect in design of slider. In order to 
achieve smooth or better flow of sliding over the rail the friction between the 
rail and slider is as small as possible. To achieve this proper material and 
similar operation is need to be done as we did in making of rail. The operation 
on machine such as milling, shaping, and for smooth surface grinding should 
be done.Selection of Material: Mild steel – 30C8 
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                         Fig 3.6 Slider 
3.4.3  Design of spring  
In this ASB system spring performs the important task of transmitting of slider 
over the rail and retracting through spring to come back to its initial position. 
One end of the spring is attached to slider and its other end is fixed to the rail. 
In this application we required tension spring therefore the design of the spring 
should have been good stiffness, tension, resistance to friction and it can 
withstand pressure between slider and rail movements. 
The material of the spring is also another aspect which is need to be consider. 
 
 Design Calculation of Helical Spring: 
Specific Data based on assumptions: 
P =100N 
y =85mm 
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MATERIALSSELECTION OF HELICAL SPRING: 
The material for helical spring should have high fatigue strength,highductility,high 
resilience and it should be creep resistent.It largely depend upon the service for they 
are used i.e.severeservice,averageservice,or light service. 
 Severe service means rapid continous loading where the ratio of minimum to 
maximum load is one half or less,as in automotive valve and springs. 
 Average service includes the same stress range as in severe service but with only 
intermittent operation,as in engine governor and automobile suspension springs. 
 Light service includes spring subjected to loads that are static or varied,as in safety 
valve spring. 
• The springs are mostly made from oil-tempered carbon steel wires containing 0.6 
to 0.7 percent of carbon and 0.6 to 1.0 percant manganese. 
• Music wire is used for small springs. 
• Non-ferrous material like Monelmetal,Phosperbronze,Brass etc. may be used 
in special cases to increase fatigue resistence temperature resistence and corrosion 
resistence.  
 
 From above consideration we adopt material of spring on the basis of application i.e.  
“Light Sevice” is oil-tempered carbon steel. 
 
 
Specific values on the basis of material selection: 
Referring  above Table 3.1, 
(Sd) =525 Mpa 
Table 3.1 Values of allowable shear stress, Modulus of elasticity and 
Modulus of rigidity for  various  spring materials. 
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G =80000 Mpa 
E=210000 Mpa 
c =6 (Assume) 
STEP 3.1:Calculation of  all design constraint(d. D, Do, Di ) 
            From PSG Design Data Book, Refer Page 7.100 (Sd) = ଼୔ୈ
஠ୢయ
Ks………………….(1.1) 
ܿ = ܦ
݀
 
        Put c=6,                D=6d……………………......(1.2) Ks = ସୡିଵ
ସୡିସ
+ ଴.଺ଵହ
ୡ
 ………………(1.3) 
       Put c=6, in equation (1.3)                 Ks=1.2525 
Substitute the all values in equation (1.1) 
d = ඨ1.2525 × 8 × 100 × 6
π × 25                                                 d =1.909 mm 
Select Std. size of wire dia from PSG, 
Page.7.105 i.e “2mm” 
 
         Now, from equation (1.2), 
         Mean Diameter (D)=6×2=12mm 
  
 
 
 
 
Outer Diameter (Do)=D+d=12+2=14mm 
Inner  Diameter (Di)=D-d=12-2=10mm 
d =2mm 
D=12mm 
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Step 3.2:Calculation of Total No.of coils/Turns (n’): 
            From PSG Design Data Book ,  Refer page:7.100 y= ଼୔ୈయ୬
ୋୢర
 …………………. (1.4) 
After substituting the values, n = 85 × 80000 × 2ସ8 × 100 × 12ଷ  n=78.70=79 
  
         Refer Above Table:3.2,  For Plain end 
Total No.of turns/coils (n’): 
n’=n=79 
 
 
Step 3.3:Calculation of  Stiffness/Rate of  Spring (q): q = Py                                              q =ଵ଴଴
଼ହ
 
 
n=79 
n’=79 
q=1.1764N/mm 
Table 3.2 Total number of turns, solid length and free length for 
different types of end corrections. 
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Step 3.4: Calculation of free length of spring (Lf): 
From above Table 23.3,For  Plain ends; 
        Solid length,  Ls= (n+1)d 
=(79+1)2 
 
 
         Clearance,  a=0.15×y 
                              =0.15×85 
 
 
        Free length of Spring (Lf): 
Lf=Ls+y+a 
     =160+85+12.75 
 
 
Step 3.5:Calculation of pitch of the spring (p):  
From above table 23.3, For Plain ends; 
Lf= (p×n)+d 
                          257.75=(p×79)+2 
 
 
 
Fig 3.7 Helical Spring       
   Ls=160 mm 
a= 12.75 
Lf =257.75 mm 
  p=3.23734  mm 
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Step 3.6:Calculation of Helix/Pitch angle (λ): 
 
              Since    λ<12 
Hence the spring is (CCHS)Closed Coil Helical Spring. 
Step 3.7:Induced shear stress (Sind): (Sind)= Ks ૡࡼࢉ
࣊ࢊ૛
                                       =1.2525 ଼×ଵ଴଴×଺
஠×ଶమ  
(Sind)=478.42 Mpa 
   Step 3.8:Recommended Design shear stress [Sd]: 
From PSG:7.100,   For light service 
[Sd]= 0.405×Sut………………….(1.5) 
Assume Spring is made up of with ‘Steel Oil hardened &tempered’material. 
From PSG:7.105, 
Sut=1720 Mpa 
Substitute the value of Sut in equation (1.5); 
[Sd]=696.6 Mpa 
Since[Sd]>(Sind) 
Therefore our design is safe……. 
 
 
 
tanλ = p
πD 
tanλ=ଷ.ଶଷ଻ଷସ
஠×ଵଶ  
λ=4.98(deg) 
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3.5 Working pictures during Fabrication and Report making 
 
 
Fig 3.8 Working pictures during Fabricational work 
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                                    Fig 3.9 Working picture during Report Making  
 
Fig 3.10 Working picture during Material cutting 
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Fig 3.11 Working picture during testing 
 
Fig 3.12 Working picture during Material Bending  
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Chapter 4 
Results and Discussion 
4.1 Geometrical view, Material Properties and Force Analysys 
4.2 Cordinate System and Boundary conditions 
4.3 Meshing Details 
4.4 Stress Analysis of whole Assembly 
4.5 Total Deformation 
4.6 Discussions 
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ANSYS RESULTS 
4.1 Geometrical view, Material Properties and Force Analysys 
Analyzed File: SeatBelt.ipt 
ANSYS Version: R15.0 Release 
Creation Date: 3/31/2015, 9:25 PM 
Simulation Author: User 
Summary: 
 
 
Table 4.1 Description of ANSYS version  
4.1.1 Geometry of Assembly 
 
Fig 4.1 Geometry of Assembly 
 
4.1.2 Units 
 
Unit System Metric (m, kg, N, s, V, A) Degrees rad/s Celsius 
Angle Degrees 
Rotational Velocity rad/s 
Temperature Celsius 
 
Table 4.2 Units  
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4.1.3 Geometry table 
Object Name Geometry 
State Fully Defined 
Definition 
Source C:\Users\Altamash\AppData\Local\Temp\WB_ALTAMASH-
PC_Altamash_520_2\unsaved_project_files\dp0\SYS\DM\SYS.agdb 
Type DesignModeler 
Length Unit Meters 
Element 
Control 
Program Controlled 
Display Style Body Color 
Bounding Box 
Length X 4.85e-002 m 
Length Y 6.4659e-002 m 
Length Z 0.451 m 
Properties 
Volume 1.9068e-004 m³ 
Mass 1.4988 kg 
Scale Factor 
Value 
1.0 
Statistics 
Bodies 4 
Active Bodies 4 
Nodes 772783 
Elements 499892 
 
Table 4.3 Geometry Table 
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4.1.4 Material Information 
 
Material 
Assignment Structural Steel 
Nonlinear Effects Yes 
Thermal Strain Effects Yes 
Density 7860 kg m^-3 
Coefficient of Thermal Expansion 1.2e-005 C^-1 
Specific Heat 434 J kg^-1 C^-1 
Thermal Conductivity 60.5 W m^-1 C^-1 
Resistivity 1.7e-007 ohm m 
Compressive Ultimate Strength Pa 0 
Compressive Yield Strength Pa 2.5e+008 
Tensile Yield Strength Pa 2.5e+008 
Tensile Ultimate Strength Pa 4.6e+008 
Reference Temperature C 22 
 
Table 4.4 Material Information  
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4.1.5 Calculation of Force Acting on whole Assembly                                                                    ࢜ = ࢛ + ࢇ࢚………………………………. (i) 
When apply brakes, the vehicle sudden stops; 
Then ࢜ = ૙࢓/࢙ 
The time to take vehicle’sbecome rest is 2sec  i.e࢚ = ૛ ࢙ࢋࢉ 
Assume vehicle running at speed of 80km/hr means 22.22m/s i.e࢛ = ૛૛. ૛૛࢓/࢙ 
Put all these values in equation (i) 
૙ = ૛૛. ૛૛ + ࢇ(૛) 
ࢇ = ૚૚. ૚૚ ࢓/࢙૛ (࢘ࢋ࢚ࢇ࢘ࢊࢇ࢚࢏࢕࢔)     ࡲ = ࢓ࢇ …………………………………………. (ii) 
Assume mass of vehicle is 1000 kg i.e࢓ = ૚૙૙૙࢑ࢍ 
Putting value of a & m in equation (ii) 
ࡲ = ૚૚૚૚૙ ࡺ 
By putting this value of Force(F)  in ANSYS so further analysis has been done…….. 
 4.1.6ForcAnalysys 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.5 Force Description 
Object Name Fixed Support Force 
State Fully Defined 
Scope 
Scoping Method Geometry Selection 
Geometry 2 Faces 
Definition 
Type Fixed Support Force 
Suppressed No 
Define By   Vector 
Magnitude   11110N (ramped) 
Direction   Defined 
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                                                        Fig 4.2 Force Analysys 
4.2 Cordinate System and Boundary conditions 
Object Name Global Coordinate System 
State Fully Defined 
Definition 
Type Cartesian 
Coordinate System ID 0.  
Origin 
Origin X 0. m 
Origin Y 0. m 
Origin Z 0. m 
Directional Vectors 
X Axis Data [ 1. 0. 0. ] 
Y Axis Data [ 0. 1. 0. ] 
Z Axis Data [ 0. 0. 1. ] 
 
Table 4.6 Cordinate System 
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4.2.1 Boundary condition 
 
                                                 Fig 4.3 Boundary condition 
4.3 Meshing Details 
 
Fig 4.4 Meshing view  
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Table 4.7 Meshing Details 
Object Name Mesh 
State Solved 
Defaults 
Physics Preference Mechanical 
Relevance 100 
Sizing 
Use Advanced Size Function On: Proximity 
Relevance Center Fine 
Initial Size Seed Active Assembly 
Smoothing Medium 
Transition Fast 
Span Angle Center Coarse 
Num Cells Across Gap Default (5) 
Proximity Min Size Default (4.5819e-005 m) 
Max Face Size Default (4.5819e-003 m) 
Max Size Default (9.1637e-003 m) 
Growth Rate Default (1.50 ) 
Minimum Edge Length 2.2554e-006 m 
Defeaturing 
Pinch Tolerance Default (4.1237e-005 m) 
Automatic Mesh Based Defeaturing On 
Defeaturing Tolerance Default (2.2909e-005 m) 
Statistics 
Nodes 772783 
Elements 499892 
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4.4 Stress Analysis of whole Assembly 
 
 
                                        Fig 4.5 Stress Analysis of whole Assembly 
 
Alternating Stress Pa Cycles  Mean Stress Pa 
3.999e+009 10 0 
2.827e+009 20 0 
1.896e+009 50 0 
1.413e+009 100 0 
1.069e+009 200 0 
4.41e+008 2000 0 
2.62e+008 10000 0 
2.14e+008 20000 0 
1.38e+008 1.e+005 0 
1.14e+008 2.e+005 0 
8.62e+007 1.e+006 0 
 
                                    Table 4.8 Alternating Stress of different cycles 
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4.5 Total Deformation 
 
Fig 4.6 Total Deformation 
 
     4.5.1 Strain life parameter, Isotropic Elasticity and Permeability 
Strength 
Coefficient Pa 
Strength 
Exponent  
Ductility 
Coefficient  
Ductility 
Exponent  
Cyclic Strength 
Coefficient Pa 
Cyclic Strain 
Hardening 
Exponent  
9.2e+008 -0.106 0.213 -0.47 1.e+009 0.2 
 
Table 4.9 Strain life parameter, Isotropic Elasticity and Permeability 
 
 
 
 
Young's 
Modulus Pa 
Poisson's 
Ratio  
Bulk Modulus Pa Shear Modulus Pa 
2.e+011 0.28 1.5152e+011 7.8125e+010 
Relative 
Permeability  
10000 
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4.5.2 Vector Total Deformation 
 
Fig 4.7 Vector total Deformation 
4.6 Discussion 
Advantages of our invention 
• The system brings more safety to driver and occupants of the vehicle.  
• The system provides option of coming out of vehicle without ignition being turned off.  
• The system gets the supply through 12v battery which can be easily put inside any vehicle.  
• The system allows the driver to operate AC,musical system and other electrical equipments 
without wearing the seatbelt wearing seat belt which is not possible in those vehicle which 
operates on similar systems.  
• This system makes seat belt wearing mandatory.  
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Chapter 5 
Conclusions and Future scope 
5.1 Conclusion 
5.2 Future scope 
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5.1 Conclusion 
 Automatic seat belt was designed, analyzed and manufactured successfully. 
 The project work was completed in around three months in total. 
 Designing and Analysis took about one months each. 
 The project report required an additional four weeks. 
 The Automatic seat belt  system can be used in any vehicle with more than two 
wheels. 
 It is easy to manufacture, easy to replace if broken. 
 It’s fabrication cost is less than 1500 rupees. 
 It is totally based on pure mechanical system. 
 We have developed a simple mechanism which actuates due to the movement of 
vehicle’s door. Hence it is simple in construction. 
 There is no need of extra fuel consumption because it is free from motor and all. 
 
       The project Automatic seat belthas been developed as per the requirement 
specification.It has been developed using spring,rail and slider mechanism, the 
complete system  is analysed with the availability of data.  
 
5.2 Future scope 
In future we modified our system into conveyor belt system, in which slider is slide on 
conveyor rail so we overcome poor ergonomics. 
We also hide unusable components like wire rope,battery connection wire.etc so our system is 
look like better.   
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